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[57] ABSTRACT 

A sucked capaciior memory cell and method for its fabri- 
cation including providing a layer of insulation glass over 
wori tinea on a silicon semiconductor substrate; self- 
aligniog comact holes ai the siorage nodes and bit line 
contact location; providing 9 blanket layer of polysilicon, 
then silicide, and then an insulating cap; removing a portion 
of the insulating cap, silicide and polysilicon to form poly- 
silicon plugs having outward surfaces at an elevation below 
the surface of too insulating glass, thus forming the bit tine, 
a bit line contact and isolating the storage nodes; and 
providing a stacked capacitor on top of the bit line and in 
electrical communication with the storage qodc contact 
location through the plugs formed simultaneously with the 
bit line and bit line contaci. 

24 Claims, g Drawing Sheets 
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PROCESS FOR FORMING CAPACITOR SUMMARY OF THE INVENTION 
OVER BIT LINE MEMORY CELL 

ll is an object oflhc present invention to provide a method 

HELD OF T1IE INVENTION fof fabric «ltng a buried bit line stacked-capacitor memory 

„ 5 ccl1 bv a process that reduces the number of nhotomasking 

This invention relates generally to capacitor over bit line and etching steps, 

structures for memory cells, such as dynamic random access a r„nh-r ,r .u . ■ 

memory (ORAM) ceUs, and to methods for fabricarin 7mA k^ ? r ^i ° f mVenlw « * 10 P rovid « ■ 

strictures and cells, iaDncaiing men mc ^ d for fA b ncaliQfi a bllricd bit ^ 0JfemQTy ccll haVmg 

8 bit line, plugs for the future capacitors, and plugs of slots 

BACKGROUND OF THE INVENTION 10 f ^ P«W»tf shallower contacts, which can all be 

formed id a single processing step. 

As memory cell density increases, there is a continuing Yet a runner object of the present invention is to provide 
challenge to maintain sufficiently high storage capacitance a DRAM ccll with a sucked capacitor over silicided bit line 
despite decreasing ceU area. One way of increasing cell structure haviog reduced complexity and thus reduced defect 
capacitance is through thrce-dimensiooal cell capacitor 15 density, increased case of manufacture, and reduced manu- 
struciurcs, such as trenched or stacked capacitors. factoring cost. 

Slacked capacitor DRAMs utilize either a buried bit line 'inesc and other objects of the present invention are 
or a non-buried bit line structure. With buried bit line achieved by providing a method of forming a capacitor over 
siruciures, bit lines are provided in close vertical proximity bit line memory ceil by; providing an array of substantially 
lo the bit hne contacts of the memory cell field eiTccl 20 electrically isolated word lines atop a semiconductor wafer 

ad V,u C * h ™ f? fmc f Wovidmg active areas about the word lines to define an' 

/on tally over the top of the word imcs and bit lines. Buried array of memory cell field effect transistors (FETs) ihc 

bn Z «EK%£T? ^^ afi /r?^vc^ acli 4 areas be7ng defied bf? £ fo 

bu-bne CO^ smtciures, arc the subject of this invention. electrical connection with a memory ccll capacitor and a 
» i'^ ? ^ ^ ^JS?" ***** TechD0l °fiy (MX) for 25 second active region for electrical connection with a bit line; 
SS i^W? Tf» * ^ <* bating material 

S; K^^l? 1 *,?*? 1 5l ! ttCnm mAdc by a over the wordlines and active regions, L Upr afLdtiii* 

SoTL^^!^^ 1 ^ m4fc ™ 1 haWn 6 an uppermost Lfeo which ?5SSu! 

node contact and a gate polysihcon layer. After formation of word lines- rr 

a tungsten damascene bit line, the storage node contact is 30 * c 

opened and a polysilicon plug is formed by deposition and t JS? f " respective contact openings 

etch-back. Capacitors are formed by oxide elch selective 10 firsl matorul k > er ,0 ^ l 

storage node hole formation, followed by polysilicon depo- M00nfl , a ? Uvc rcglonS; 

sition and CMP for cyhndric al capacitor definition. The cell providing a first layer of cloctrically conductive material 

plate is then patterned, followed by W-plug CMP and 35 0VCf lhc first insuIltin 6 material and within the first and 

mclan'zation. second comact openings; 

M, Sakao et al., U A Capacitor-Over-Bit-Linc (COB) Ccll removing a portion of the first conductive material to 

with a Hemispherical-Grain Sioragc Node for 64 Mb outwardly expose remaining first insulating material, and to 

DRAMs," IEEE, IEDM 90-655-65$ (1990), refers to a outwardly expose remaining first electrically conductive 

process tot making a COR cell wherein, after opening a 40 miieriai wi min contact opening at an uppermost 

self-aligned contact to the active area, a polysilicon layer is fl,rface of ^ rcinaining first conductive material which is 

formed as a local interconnect. After an insulating inlerlayer «l« v »tionally below the surface of the remaining first insu- 

deposilion, a bit line contact is opened and filled with a maieria t 

doped polysilicon plug. Apolycide bit line is then formed, 4S providing a second conductive layer and a bit line insu- 

and an insulating inlerlayer is deposited on the bit line and lalin g material outwardly of the first layer of electrically 

planarizcd. After opening the capacitor contact, an HSG conductive material; 

polysilicon storage node is formed and connected to the providing a third layer of electrically conductive material 

active area through the capacitor contact and local iolcrcon- having an uppermost surface above the bit line- and 

ncct, . * 

tkm n«.i ~r ■ . , . . 50 racing a portion of the third electrically conductive 

M nVrii,El « ^^ ia i lCa c' ma, ^r 8 cc " h * CT KlectiVB lo tbc underlying bit line insulating material 

capaciiance as ccll Si2u shrinks must be attained without to form a capacitor storage node 

resorung to processes that increase the number of masking in a ™ih«, ,u 

deposition, etch and other steps in the production procesf J*TS? erah °**«« ?* P~sen uraiion provides a 

•mis has a great impact on manufacturing « ^ *"? * ^ bl1 ^ CcU by: 

ihc costs of photolithographic steps. High capital costs arc Providing a sdicon semiconductor substrate having a 

associated will, photolithographic equipment and more com- ^ ^ " d an activc ™ K 

plex photo processing, in terms of more photo process steps providing a first insulating material layer over the word 

per level, more equipment, and the use of expensive ultra lioc ^ aciivc arca » 

clean room floor space. Defect density is inevitably 60 opening firsl and second contact holes through the firRt 

increased with each additional pbotomasking layer and insulating layer to a firsi contact location and a second 

compromises yield and reliability. AH photo layers also contact location of the active area; 

lEnJl S ^ dthCr T^ 1 ° f etCh - ^ V*™* a ^ material layer over the first 

addumnal steps filrther add to manufacrunng costs. ululating material and within the first and second contact 

wnat is needed is a capacitor over bit line cell of reduced 65 boles; 

dw ™ be fabric.trf with . Tntoum of remW ing » ponioa of the firfl conduce materi.1 Uy W 

to expose an outward surface of lhc conductive material at 
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an Mod below the elevation of the outward surface of Preferred embodiment of the invention arc described 

(he fin, insulating material to form a hi line contacl above below with reference ro the following accompanying draw- 

tneurst contact location and an isolated conductive material ings. 
plug above the second conlacl location; and 

providing a capacitor atop the bii Une contacl and in 5 BR1EF DES CRIPTTON OF THE DRAWINGS 

electrical contact with the second active area through the FIG- 1A is a top plan layout of a stackcd-celi DRAM 

piug - array. 

According to another embodiment, the present invention p)G. IB is a schematic top plan layout of a sintle cell of 

... c 7 aepiu iieps or toe process ot the invention, are cross- 

providwg a first and second opening in an insulating layer sccrional views through locations of an in-process cell of the 

on a substrate; typ C sh owa by FIG. 1. 

providing an elecuically conductive overlying layer to 011 FIG. 2 is a sectional view of the semiconductor wafer 

said iirst and second openings and form first and second 15 fragment of FIG. IB along section CC ai one processing 

electrically conductive pillars; step in accordance with the invention, 

removing a portion of said first electrically conductive FJG. 3 is a view of the FIG. 2 wafer taken at a step 

pillar to outwardly expose a surface of the first clecirically subsequent to that shown by FIG. 2 

capping said second pillar to form a bit line: pir < • . . . nF ^ -> r 

priding a second leaned, co.du.aivc ^.crh! over s ^L^ Zltt^6 4 " ' 

^ ^ * ^ 1 ™S. <A and <B m cro^cdonal view, of the 

T F . / , , subsequent to that shown by FIG. 5 

V id^l^!^ er^ ^ JraCnt, ^ inVenii0I> PI °' HG. 7 U a view of the FIG. SB wafer taken at a step 

mCa °J, CCl1 • 30 subsequent to that shown by FIG. CD. * 
conductor substrate having w 0r d unes with an insulating 

material overlaying the substrate and word lines except at bit DETAILED DESCRIPTION OF THE 

une contact and storage node contact locations of the PREFERRED EMBODIMENT 

substrate; . 

co»^r: ttl f eroDtia4ndi,ol ^ coflBto " ,genod ' « 

contact in electrical communication with respective active „ re Jnt im ,„ nl f nT1 ^j,, Ka • i oepiciea. ine 

a satcided bit line in eteclrical communication with said which depict steps of the process at various stages? are 
i me contact, 40 cross-sectional views taken at locations within the array 

a periphery polysilicon plug in electrical communication represented as broken lines AA\ BB 1 and CC 1 The figures 

with the bit line; and are not meant to be actual cross-sectionaJ views of any 

a capacitor above the bit line and in electrical oommuni- particular portion of a real DRAM cell, but arc merely 

cation with the storage node contact. convenient tools employed to more fully depict the process 

According to yet another embodiment, the presem inven- 45 ISpect of ,he ilivenli <» ^ various stages of manufacture, 

lion provides a stacked capacitor memory cell comprising a COlB P IelKl stacked-cell DRAM array is fabricated on 

semiconductor substrate having word line? with an insulat. a sheen serniconductfve substrate 10, typically a silicon 

ing material overlaying the substrate and word lines excepi scmiconductivc material. The term "substrates" herein shall 

at bit line contact and slnrage node contact locations of the ^ understood m mean one or more semiconductive layers or 

substrate; 5a structures which include active or operable portions of 

a polysUicon bit line contact and polysilicon storage node semiconductor devices. A series of substamially parallel, 

contaci in electrical communication with respective active spacwl ap4rt * ^silicon word lines It, silicided with 

areas of the substrate, wherein said contacts ire electrically lu °S3teD, uLaruum, or other refractory metal, traverses sub- 

isolaied from each other by the insulaiing material; slfaifi ™» which bceo created a plurality of acuve 

a spacered and capped silicided bit Une in electrical 55 12 ^° T arc s " sh *** d whicb *™ insulated 

communication with the bit line contact: irom one another by Held oxide regions (not shown in this 

a capacitor above the bit lino and in electrical commimi- rfM? £ ^ 10 domain 

cation with the storage node contact, the capacitor comnris- £LL! 11 T* 0 ? cc,1 » ( ~ aulTO a wdc contact 

wmmlmll;lurou wju, mB 01l une. eketneal coaimuoiestioa wilh peripheral cireuiify. 
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Referring to FIG 2, a semiconductor w&r fragment is the underlying polysilicon to form the silicide. In order to 

indicated generally by reference numeral 16. Wafer 16 is prevem the refrectory metal silicide layer from separating 

defined in part by silicon semiconductive substrate 10, and from the first poIysilicoD layer during subsequent elevated 

an array of substantially electrically isolated word lines, temperature cycles, an optional silicon dioxide capping layer 

such as the illustrated word lines 17, 18 and 19. Such word s * deposited on top of, silicide layer 34, following which an 

lines have a lowermost gate oxide layer 20, a lower poly- optional silicon nitride capping layer may be deposited on 

silicon layer 21, an overlying silicide layer 22 such as lDC t0 P °f mB ox *de capping layer, 

tungsten silicide, an insulating cap 23, and side insulating Referring to WO. 5, the area defined as the bit line is 

spacers 24. Spacers 24 and caps 23 preferably comprise an masked with photoresist. The unmasked polysilicon con- 

insulalive nitride, such as syM 4 , A thin barrier layer 25 of \o duel"* material layer 33, silicide (WSiJ layer 34 and 

Si,N^ (or, more preferably, tctraethylonhosilicatc glass, insulating cap layer 35 a re etched back to remove them from 

TEOS) may be provided atop the wafer to function as a ™ cr tbc Elating material 30. The polysilicon 33, silicide 

diffusion barrier. Layer 25 has a thickness which is prefer- , a v d ca PP in S 35, which remain after the removal 

ably about 200 Angplroms to abom 300 Angstroms when V^' dcfiac bit 3fi " [r) B(Wition 10 inning bit line 36, 

TEOS, and about 100 Angstroms 10 about 250 Anjairoms u , * c . m< ;y al P**?** Elates the future storage nodes, i.e., 

when SLN 4 . jpwnw e j eclnca u y conductive materials within the first 28, and 

. „ . , , second 27, conuci areas are isolated because electrically 

Active regions are proved about the word lines, such as conductive material 33 is etched back to an elevation S 

"TlSPS? 2 *' 27 « nd 28,todeaueanarrayofmcmory below the outermost surface of the insulating material 

Jcr?' dlSCUfiSI01, bclow P'oceeds with reference to (BPSG) 30. 'flic electrically conductive (polysilicon) mate- 

an FET formed using word line 16, which will be provided 20 rial 33 remaining wiifain contact area Z8 defines a conductive 

wiih a capacitor construction for a single memory cell. plug for the capacitor to contact the active area of the 

Active region 2SwiU define a flrsi active region for electrical substrate. The cteclrically eonduciiv© material 33 within 

connection wiib a memory cell capacitor. Active region 27 contact area 27 defines a bit line contact for bit line 36, and 

will define a second active region for electrical conncciion can also be readily employed for slots in the periphery for 

with a bit line. Field oxide 29 is provided, as shown. w shallower contacts (nor shown). Accordingly, it is now 

Referring still lo FIG. 2, a first insulating material layer30 a i*P fir ? m * al the process of the present invention advania- 

15 blanket deposited over the word line 18 and active areas g * U ? ly ^ for , lhc fo ? m ** D °* or more key 

27, 28, as shown. Inferred insulating materials for layer 30 Sl T- ? T by . * ™ M !?f* and 

are oxides, most preferably bSh^ilSi^ ™ T Tl ^ a ff D ' ^ ^t bne conUct, plugs 

(BPSG). Tnc deposition thickness of layir 30 is typically 30 ^ 10 *" * ft P hB <* mav * l 

abK,utiO,(XX)Angsiroms,Layer30fcp rc fcrablyreflo^dby ^,5^5. Sf-.TE S T Cn * lwU " ' 

heating to its glass Uar*itioo temperature to densify the ^f 1 ?* mat °" aI *%™ ltioQ sle P- 

BPSG, and tnen polished to make a planarized surface Referring still to FIG. 5, and as also shown from a 

p^rrrm* ia vir x « c a \ . • \. different perspective by FIGS. 6A and 6B, me bii line 36 is 

inflating material IaV* 30to fl« and second aZe^n,. S™k\ STS 3 f 7, Pr t f8Klbly S,lifl0n 0imde 

2* and 27, respeetivdy. Such opting, wonld?3y t ffij ^ WeS.lv d^Sl ?T ^ ' " 

formed by photomasking and dry etching of BPSG wlcc SSSTft^m P £ ^Su P r fSSff 1 ^ ^ P°' 

dvely relative to the nitride of the word line caps S ^SlL™^ abm ' M lS °° 

example etch chemistry would include CHF, and O, at low 40 T?' ^ a,M ^ ?! * ^ temOVod wlth ani «> I «'P'C 

mi)cuire),orthecorobmaUonofCP 4 ,Ar,CH 2 F 2 andCHF v Hn a . IT- , . *. . ... 

•Jne principal purpose of optional barrkr layer 25 is to ft J^ '^1 ^ D /^ 5 hatehc ?}^ ^ of Fl0 « 1 and 

minimize difRision of boron or phosphorus atoms from !tTp if ^ i b " U? bfltWBCn a wrics of 

BPiJG layer 30 into active areas 27 and 2* Word line cans 45 !l ^ 1 and 6A >* mnw>Gta Z bit Hoc 36 to 

23 are preferably comprised of nitride (SuNJ and layer 30 IT™?* u w? ^ mi ? 0flductc>r wl ? 5tral0 l0 - s ^«dc layer 

is comprised of oxide, such thai the eich to produce first 34 ' P™*? WS V &™s a continuous planarizsd layer 

contact openings 3A aD d 32 will stop relative to word line aiopconductivc material, and insulating cap layer 35, an 

spacers 24 pndcaps23. 0X1 ™' 0)11115 a c 00 ^ 0 ^' plananzed layer atop silicide 

!>,(• - nff rA a **<z e * 50 34, of bit line 36. FIG. 6B is a section along hatched 

'w? .^° f ™ 0pCniDgs31 and BB ' of HG. 1 and ^ows bit lines 36 inSJ : smcm 

An Mbtiog cap 35 fa then Lye** on .op of ihSdfe FmSStTr % aw nts ^ cw<1 » 

Uyer 34. The ihiokness of layeo 33, 34 aJsj i5 3 ? "J 6 ' lhe ***** bu hne 15 ?° W f0rmed ' S11,)SliD - 

s 3oo °' 1200 (or more> ' Md 1900 

meul may be used together with a barrier film. This fa FIG. 6C ato shows do, for pertehcrTp « 

Ih H^ 5 ? S ^' en0g J! "fi**^ r tal ailicidc and i0 1*™** ^mmunicarion with the capadtoTpl^X 
hTEZf&STZ ZfiRT*"**!'**?*?' 1 " VMia, " i Wplci,0r f 8 "*'^ t6ch '"<P'«. Eluding bm not 

wfJuSveflS?^ tZSLZr* ^ ° f ° *?? limi ^ w ' lh ^P»«»rbloc) { smictu«dc S crib 4 db;iowand 

poiysiucon Uyer and, then, annealing so that it reauis with depicted in FIG. 7. 
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Referring to FIG. 7, a polysilicon layer 35 is deposited, 
Ad optional rough layer 39 of rugged polywlicon, for 
example, hemispherical grain polysilicon (HSG), is then 
deposited atop layer 38 to increase surface area for improved 
capacitance. The preferred rugged polysilicon is combo c 
HSG (CHSG) whicb is typically deposited by LPCVD to a 
thickness of from 300 10 1000 Angstroms. Islands arc then 
formed by masking the capacitor areas, and polysilicon Layer 
3S is etched selective to the underlying spacer material 37, 
thus forming the lower capacitor plaie (storage node) block* 
40 for the capacitors. 10 

Next, a thin dielectric material layer 41, preferably Si 3 N 4 
or Tifts, is deposited over the capacitor storage nodes 40, 
and conductive outer layer (cell plate layer) 42 is thon 
blanket deposited atop dielectric 41. The dielectric layer 7S 
may typically hive a thickness of about 25 to 150 Ang- 
stroms. Various suitable dielectric materials and combina- 
tions of these may he employed. Cell plate 42 is deposited 
thickly enough (preferably, 300 to 2000 Angstroms) to fill 
gaps between cells in order to make a planar surface 43. ^ 

Thus, a stacked capacitor DRAM cell is provided with a 
siiicided bit line 36 lormed while forming plugs 44 for the 
future capacitors, as well as plugs of slots 45 in the periphery 
for shallower contacts. The spaccring of the bit line 36 
allows for capacitor block etch to be selective to spacers 37. 25 
Various other capacitor structures and fabrication steps may 
be employed to form capacitors over bit line 36 and in 
contact with plugs 44. Although the process was depicted 
with reference to a block capacitor process flow, Q may be 
easily adapted to a process utilizing container, cylindrical, 30 
double cylindrical, crown shaped, ring or vertical fin 
capacitors, as shown for example in U.S. Pat, No, 5,270,241 . 
Such capacitors can be constructed in accordance with 
known processing techniques by one of ordinary skill in the 
art, given the capacitor plug and buried bit line processing 35 
techniques taught herein. For example, polysilicon layer 38 
may be masked and etched to form a cylindrical capacitor 
with optional rugged polysilicon layer 39 then deposited on 
the sides, as opposed to the top surface, of the remaining 
polysilicon 38. 

Finally, insulator glass is deposited, and a suitable back 
end metalization process such as a CMF-based process is 
used to connect up the devices. The array may now be 
completed using processing tcchniqueA that are well known 
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those skilled in the art, may be made to the structures and 
process steps presented herein without departing from the 
invention which is defined in the claims appended hereto. 
We claim: 

1. A method of forming a capacitor over bit line memory 
cell comprising the step* of: 
providing an array of substantially electrically isolated 

word lines atop a semiconductor wafer; 
providing active areas about the word lines to define an 
array of memory cell field effect transistors, the active 
areas being defined by a first active region for electrical 
connection with a memory cell capacitor, a second 
active region for electrical connection with a bit line, 
and a peripheral active region for peripheral electrical 
connection; 

providing a first layer of electrically insulating material 
over the word lines and active regions, the layer of 
insulating material having an uppermost surface which 
is above the word lines; 
providing first, second, and peripheral coniact openings 
through the firct insulating material layer to the first, 
second, and peripheral active regions; 
providing a first layer of electrically conductive materia) 
over the first insulating material and within the first, 
second, and peripheral contact openings; and 
forming a bit line coniact, a capacitor plug, and a periph- 
eral plug in a single masking step by removing a 
portion of the find conductive material to outwardly 
expose remaining first insulating material, and to out- 
wardly expose remaining first conductive material 
within the first and peripheral contact openings at an 
uppermost surface of said remaining first conductive 
material which is elevationally below tbe surface of the 
remaining first insulating material: 
providing a second conductive layer and a bit line insu- 
lating material outwardly of the first layer of electri- 
cally conductive material; 
providing a third layer of electrically conductive material 

having an uppermost surface above the bit line; and 
removing a portion of tbe third electrically conductive 
layer selective to the underlying bit line insulating 
material to form a capacitor storage node. 
2. The method of claim 1 wherein the step of providing a 
first layer of ekclrically conductive material comprises a 
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9. The method of claim 8 wherein said memory cell is a 
dynamic random access memory celL 

10. The method of claim 3 comprising the steps of 
depositing insulator glass over a cell plate, and opening 
holes in the insulator glass to the underlying peripheral 
plugs- 

11. The method of claim 10 comprising tot step of 
metalizing the holes in the insulator glass. 

12. The method of claim U wherein said raclalizing 
comprises providing a tungsten or aluminum plug within 
said holes in the insula tor glass, 

13. The method of claim U further comprising the step of 
providing local interconnects by patterning and etching 
conductive lines On the surface of the cell. 

14. A method of forming a capacitor over bit line memory 
cell comprising the steps of: 

providing a silicon semiconductor substrate having a 
word line and an active area; 

providing a first insulating material layer over the word 
line and active area; 

opening first, second, and peripheral contact holes 
through Lhc fiist insulaung layer to a first contact 
location, a second contact location, and a peripheral 
contact location of the active area, rcspccuvcly; 

providing a first conductive material layer over the first 
insulating material and within the first, second, and 
peripheral contact boles; 

removing a portion of (he first conductive material layer 
to expose an outward surface of the conductive material 30 
at an elevation below the elevation of the outward 
surface of the first insulating material to substantially 
simultaneously form a bit line contact above the first 
contact location, an isolated conductive material plug 
above the second contact location, and an isolated 35 
conductive material above the peripheral contact loca- 
tion; and 

providing a capacitor atop the bit line contact and in 
electrical communication with the second active area 
through the plug. 

15. The method oF claim 14 comprising the step of 
providing a second conductive layer comprising a siiicide 
atop said bit hpe contact to form a bit line. 
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16. The method of claim 15 comprising the slop of 
capping and spaccring said bit line with a second insulating 
material. 

17. The method of claim 14 wherein said memory cell 
comprises a field effect transistor. 

18. The method of claim 17 wherein said memory cell is 
a dynamic random access memory cell. 

19. The method of claim 14 further comprising the step of 
providing local interconnections in electrical contact with 
said peripheral plugs. 

20. A semiconductor processing method of forming a 
capacitor over a bit line comprising the following steps: 

providing first, second, and peripheral openings in an 

insulating layer on a substrate; 
providing an electrically conductive Overlying layer to fill 
said first, second and peripheral openings and form 
first, second, and peripheral electrically conductive 
pillars; 

removing a portion of said first and peripheral electrically 
conductive pillars to outwardly expose a surface of the 
first and the peripheral electrically conductive pillars 
which are elevationally below said insulating layer and 
second pillarj 
capping said second pillar to form a bit Jine; 
providing a second electrically conductive material over 
isaid bit line and in contact with said first pillar to form 
a capacitor storage node; 
providing a dielectric layer over said storage node; and 
providing an electrically conductive outer capacitor plate 
atop said dielectric layer. 

21 . A method according to claim 20 wherein said capping 
step comprises providing a siiicide layer and then an insu- 
lating layer atop said second pillar. 

22. A method according to claim 21 further comprising 
35 spacering said bit line. 

23. A method according to claim 22 further comprising 
the step of removing a portion of said second conductive 
material selective to said underlying bit line spacers. 

24. A method according to claim 20 comprising the step 
<° of providing a layer of rugged polysilicon between said 

storage node and dielectric. 
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